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LIGHTING DEVICE WITH CIRCUIT AND
METHOD FOR DETECTING POWER
CONVERTER ACTIVITY

A portion of the disclosure of this patent document con-
tains material that 1s subject to copyright protection. The
copyright owner has no objection to the reproduction of the
patent document or the patent disclosure, as 1t appears 1n the
U.S. Patent and Trademark Office patent file or records, but
otherwise reserves all copyright rights whatsoever.

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application claims benefit of the following patent

application(s) which 1s/are hereby incorporated by reference:
None

BACKGROUND OF THE INVENTION

The present invention relates generally to lighting devices
such as electronic ballasts and LED drivers. More particu-
larly, the present invention relates to a circuit and method for
detecting power converter activity 1n a lighting device and
protecting associated circuitry in the event of a temporary
interruption 1n the power converter activity.

In a lighting device such as an electronic ballast or LED
driver, a temporary loss of mains power input, or the sudden
loss of an output load, can cause the boost converter of an
active power factor correction stage to suddenly stop operat-
ing. Many circuits of a low cost product depend on the con-
stant operation of a boost converter, such as for example
Low-Voltage, Low-Power (LVLP) circuits deriving power
from the boost converter’s main inductor, and High-Voltage,
High-Power (HVHP) circuits that are sensitive to significant
changes in the main bus voltage (Vbulk). Examples of LVLP
circuits include power management circuits and self-protec-
tion circuits that may need to remain active during short
absences of power from the boost converter. This 1s possible
if the LVLP circuits are aware of the momentary power inter-
ruption and are capable of managing their power consump-
tion during the interruption.

When the internal bus voltage Vbulk drops significantly,
the output of HVHP circuits, such as the arc current of an
clectronic ballast, tends to decrease. As the current to the gas
discharge lamp 1s reduced, the arc voltage increases accord-
ingly. Inverter self-protection circuitry detects this voltage
and latches the ballast controller IC 1n an oif state. If the mains
input power 1s iterrupted for a short duration such as 1s the
case with mput arcing or momentary brown-out conditions,
the bus voltage Vbulk will droop momentarﬂy and the ballast
self-protection circuitry will latch off the ballast, leaving the
output disabled even though (and regardless of whether) the
mains mput power 1s subsequently reapplied. Therelore, it
would be desirable to detect boost converter activity, and
more particularly 1dleness in the boost converter.

With reference to one known arrangement for accomplish-
ing this purpose, the output of a rectifier circuit coupled to the
mains mmput terminals 1s measured and when the voltage
drops, during for example a brown-out or mput arcing con-
dition (to be further referred to hereinalter as a Zero Mains
Event—7/ME), a voltage controlled switch such as a MOS-
FET will turn off. This 1n turn causes a series of switches to

“crowbar” power to ballast controller IC’s and to further reset
voltages on various capacitors that can otherwise cause the
ballast to latch off even when the mains power 1nput 1s avail-

able.
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This arrangement can be sensitive to the relative magnitude
of the mains mput. For a product designed to operate over a
wide range of iput voltages, this method can cause the cir-
cuitry to work improperly. Also, this method only detects a
brown-out condition ora ZME, and will not detect a condition
where the PFC controller IC 1s 1dle and the mains mput 1s
applied, such as where the bus voltage Vbulk overshoots and
the Over Voltage Protection (OVP) circuit or module for the
PFC controller IC halts the gating signals to the boost con-
verter. While this situation may not be an 1ssue for products
where the LVLP circuitry 1s referenced to the same ground as
the boost converter, this method does not work for products
where the LVLP circuitry is referenced to an 1solated ground.
This method would therefore not help LVLP circuitry con-
serve power derived from the boost converter while the boost
converter 1s 1dle.

In another approach, the gate drive output signal from the
PFC controller IC may be measured using a resistor divider.
Builered by two cascading switches, the gate drive signal 1s
used to keep the average voltage of a timing capacitor near
zero volts. When an input arc occurs, the input capacitor 1s
discharged by the boost converter and the PFC controller IC
idles with the boost converter gate drive output high, which
allows the timing capacitor to charge. Once the timing capaci-
tor 1s charged, the ballast controller IC’s will be crow-barred
or reset.

In similar fashion to the previously described approach,
this method will detect a ZME but will not detect other causes
for an 1dle boost converter, such as when the over voltage
protection (OVP) circuitry or program halts the gating signals
to the boost converter. LVLP circuitry deriving power from
the boost converter will not be prompted to conserve power
when the boost converter 1s idle for any reason other than a
/ME.

Referring now to a previously known approach such as
represented in FIG. 1, rather than measuring the gate drive
signal from the boost converter, the drain-to-source voltage of
the boost converter switching element (e.g., FET) can be
measured. Depending on the bulfering stages between the
sensing resistors R2, R3 connected across the drain and

source and the outputreset signal, this method will respond to
either a ZME or a scenario such as when the OVP halts the

gating signals to the boost converter.

BRIEF SUMMARY OF THE INVENTION

An object of the present invention 1s to indicate to lighting
device controllers (e.g., LVLP control circuitry) what a power
converter such as the mput boost converter of an active PFC
stage 1s doing. A lighting device 1in accordance with the
present ivention 1s provided with circuitry effective to detect
boost converter activity, and more particularly 1dleness 1n the
boost converter.

Transition mode, active power factor correction (PFC)
controller IC’s such as the ST L6562 have two different
operation modes when 1dling. In a first mode, the gate drive
output 1s high to turn on the boost converter switch when the
mains imput power 1s at zero volts, such as during input arcing
conditions, and to prepare for reapplication of the mains. In a
second operating mode for the PFC controller IC, the gate
drive output 1s low to make sure the boost converter switch 1s
oflf when mains input power 1s available but the PFC control-
ler IC has driven the bus voltage Vbulk to the point of Over
Voltage Protection (OVP), and the bus voltage Vbulk drains to
a level determined by the PFC controller IC. The voltages to
LVLP control circuits depending on power dertved from the
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boost converter would generally droop while waiting for the
boost converter to be active again.

In an embodiment, a lighting device such as an electronic
ballast or LED driver in accordance with the present invention
includes circuitry to detect power converter activity and act
accordingly to maintain operation of the lighting device
where otherwise 1t may be undesirably disabled. A power
factor correction (PFC) circuit includes an inductor, a power
converter switch, and a PFC controller effective to provide
driving signals to cause the power converter switch to turn on
and off. A power converter activity detection circuit includes
a first capacitor coupled between the PFC controller and the
power converter switch, a zener diode, and a second capacitor
coupled between the first capacitor and ground. An output
voltage for the power converter activity detection circuit as
referenced from a node between the first capacitor and the
second capacitor 1s representative of activity by the power
converter switch.

In one aspect, after detection of power converter activity
occurs the lighting device either conserves 1ts LVLP source to
maintain control or the lighting device resets circuitry
designed to latch off the output which drives the output
iverter and further powers the lamp.

In another aspect, a power converter activity detection
circuit of the present invention directs the lack of boost con-
verter action whether the circuitry to be protected 1s refer-
enced to the same ground as the boost converter or referenced
to an 1solated ground.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FI1G. 11s a circuit diagram representing a converter activity
detection circuit as previously known 1n the art.

FI1G. 2 1s a circuit diagram representing one embodiment of
a converter activity detection circuit 1n accordance with the
present invention.

FIG. 3 1s a circuit diagram representing another embodi-
ment of a converter activity detection circuit 1n accordance
with the present invention.

FIG. 4 1s a circuit diagram representing another embodi-
ment of a converter activity detection circuit in accordance
with the present invention.

FIG. 5 1s a circuit diagram representing another embodi-
ment of a converter activity detection circuit in accordance
with the present invention.

FIG. 6 1s a circuit diagram representing an application for
various embodiments of the converter activity detection cir-
cuit of the present invention.

FI1G. 7 1s a circuit diagram representing another application
for various embodiments of the converter activity detection
circuit of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Throughout the specification and claims, the following
terms take at least the meanings explicitly associated herein,
unless the context dictates otherwise. The meanings 1denti-
fied below do not necessarily limit the terms, but merely
provide 1illustrative examples for the terms. The meaning of
“a,” “an,” and “the” may include plural references, and the
meaning of “in” may include “in” and “on.” The phrase “in
one embodiment,” as used herein does notnecessarily refer to
the same embodiment, although it may.

The term “coupled” means at least either a direct electrical
connection between the connected items or an indirect con-
nection through one or more passive or active intermediary
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devices. The term “circuit” means at least either a single
component or a multiplicity of components, either active
and/or passive, that are coupled together to provide a desired
function. The term “signal” as used herein may include any
meanings as may be understood by those of ordinary skill in
the art, including at least an electric or magnetic representa-
tion of current, voltage, charge, temperature, data or a state of
one or more memory locations as expressed on one or more
transmission mediums, and generally capable of being trans-
mitted, received, stored, compared, combined or otherwise
mampulated in any equivalent manner.

The terms “switching element” and “switch” may be used
interchangeably and may refer herein to at least: a variety of
transistors as known 1n the art (including but not limited to
FET, BJT, IGBT, JFET, etc.), a switching diode, a silicon
controlled rectifier (SCR), a diode for alternating current
(DIAC), a triode for alternating current (TRIAC), a mechani-
cal single pole/double pole switch (SPDT), or electrical, solid
state or reed relays. Where either a field effect transistor
(FE'T) or a bipolar junction transistor (BJT) may be employed
as an embodiment of a transistor, the scope of the terms
“gate,” “drain,” and “source” includes “base,” “collector,” and
“emuitter,” respectively, and vice-versa.

The terms “power converter” and “converter” unless oth-
erwise defined with respect to a particular element may be
used mterchangeably herein and with reference to at least
DC-DC, DC-AC, AC-DC, buck, buck-boost, boost, hall-
bridge, tull-bridge, H-bridge or various other forms of power
conversion or mversion as known to one of skill in the art.

Terms such as “providing,” “processing,” “supplying,”
“determining,” “calculating” or the like may refer at least to
an action of a computer system, computer program, signal
processor, logic or alternative analog or digital electronic
device that may be transformative of signals represented as
physical quantities, whether automatically or manually 1niti-
ated.

The term “controller” as used herein may refer to at least a
general microprocessor, an application specific integrated
circuit (ASIC), a digital signal processor (DSP), a microcon-
troller, a field programmable gate array, or various alternative
blocks of discrete circuitry as known 1n the art, designed to
perform functions as further defined herein.

Referring generally to FIGS. 2-7, various embodiments of
converter activity detection circuits for lighting devices and
associated methods of operation 1 accordance with the
present invention may be further described herein. Where the
various ligures may describe embodiments sharing various
common elements and features with other embodiments,
similar elements and features are given the same reference
numerals and redundant description thereof may be accord-
ingly omitted below.

Various embodiments of a converter activity detection cir-
cuit 20 as described herein may be utilized by a lighting
device such as for example an electronic ballast or an LED
driver. An exemplary power converter may be a boost con-
verter 1n a power lactor correction (PFC) circuit, further
including an inductor L1 positioned along a positive voltage
rail for the lighting device (e.g., having a first end coupled to
receive a rectified mains voltage V in and a second end
coupled to a bus voltage Vbulk). A PFC switch S1 1s coupled
between the second end of the inductor L1 and PFC ground.
A PFC controller IC 1s arranged to provide gate driving sig-
nals to turn the PFC switch S1 on and off. In one embodiment,
the PFC controller IC may be a transition-mode PFC control-
ler as 1s known 1n the art such as an ST L6562 produced by
STMicroelectronics, Inc., and as further incorporated herein
by reference.

b R 4 4
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Asnoted above, various PFC controller IC’s such as the ST
L6562 have two different behaviors in response to idling.
During a zero mains event (ZME) the gate driver output signal
(GD) may be high to turn on the PFC switch and prepare for
reapplication of the mains power. While waiting for reappli- 5
cation of the mains power, the bus voltage will begin to droop.
Even though some electronic ballast controller 1C’s sweep
down the output inverter frequency to compensate, eventually
the arc current to the attached fluorescent lamps will also
droop, causing the arc voltage to increase. Protection circuits 10
will likely measure the increased arc voltage and latch off the
ballast controller IC. When the mains power 1s subsequently
reapplied, the ballast controller IC may still be latched off,
causing an apparent problem. Alternatively, the gate driver
output (GD) may be low when mains power 1s otherwise 15
available but the PFC controller IC has driven the bus voltage
Vbulk to the point of over-voltage protection as determined
by the PFC controller IC or external circuitry associated with
the lighting device. The voltages to LVLP control circuits
associated with the lighting device which depend on power 20
derived from the power converter (1.¢., boost converter of the
PFC circuit) will droop while waiting for the boost converter
to resume activity.

In accordance with the present invention, a power con-
verter activity detection circuit 20 1s configured to detect the 25
lack of boost converter activity, regardless of whether or not
the circuitry to be protected 1s referenced to the same ground
as the power converter or 1s referenced to an 1solated ground.
Once detection occurs, the lighting device may for example
either conserve its LVLP source to maintain lighting control 30
or the lighting device may reset circuitry which 1s designed to
latch off the lighting output in response to the mains interrup-
tion event or condition.

Referring to FIG. 2, an exemplary power converter activity
detection circuit 20 may include a capacitor C1 coupledona 35
first end to a node between the gate driver output terminal for
the PFC controller IC and the gate electrode of the PFC switch
S1. A reference diode D_ref (e.g., a zener diode) has its
cathode coupled to a second end of the capacitor C1 and 1ts
anode coupled to the PFC reference ground. Another diode 40
D1 has 1ts anode coupled between the reference diode D_ref
and the capacitor C1. A resistor RS and second capacitor C2
are coupled 1n parallel between the cathode of the diode D1
and the PFC reference ground. A voltage across the resistor
RS or otherwise taken from a node between the resistor RS, 45
the capacitor C2 and the diode D1 may define an output
voltage Vca for the exemplary power converter activity detec-
tion circuit 20, or alternatively stated a power converter activ-
ity detection voltage Vca. By using a capacitor to detect
changes 1n the gate drive signal, boost converter activity 1s 50
indirectly detected and LVLP circuitry can react accordingly
in response to the output voltage Vca.

The reference diode D_ref may as shown 1n FIG. 2 be a
zener diode configured to develop a specific output voltage,
such as for example a 5.1 V zener diode to develop a logic 55
level voltage, or may alternatively be any general purpose fast
diode.

Referring now to FIG. 3, in another embodiment the power
converter activity detection circuit 20 may be applied (in
substantially the same configuration as that represented 1n 60
FIG. 2) to an inverter design such as would be implemented
by an electronic ballast for powering fluorescent lamps. In the
example shown, the inverter design includes first and second
switching elements S1, S2 coupled 1n series in a hali-bridge
topology. An alternative design with third and fourth switch- 65
ing elements further provided to define a full-bridge topology
(not shown) would be within the scope of the present inven-
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tion as well. In this embodiment, the capacitor C1 1s coupled
on 1its first end to the midpoint of the half-bridge inverter to
detect power converter activity, as represented by the output
voltage Vca1n a substantially similar manner to that described
above.

In another embodiment (not shown), a method of detecting,
converter activity using the power converter activity detection
circuit 20 substantially as described above and represented 1n
FIGS. 2-3 may be further applied for numerous other types of
power converters employing a low side switch within the
scope of the present invention, such as for example a flyback
converter or a forward converter as are conventionally known
in the art.

Referring now to FIG. 4, 1in an alternate approach another
embodiment of a power converter activity detection circuit 20
may be employed in accordance with the present invention to
enable LVLP circuitry that 1s 1solated from the boost con-
verter to detect power converter activity and further react
appropriately. In the embodiment shown, the PFC inductor
L1 has a first winding [.1a which 1s arranged along the posi-
tive rail (as in the embodiment represented in FIG. 2) and a
second winding .16 coupled on a first end to a reference
voltage terminal V_ref. The capacitor C1 has 1ts first end
coupled to a second end of the second winding LL15. The
various components of the power converter activity detection
circuit 20 which were coupled to PFC ground with respect to
the previous embodiments are alternatively coupled to an
clectrically 1solated ground with respect to the PFC circuit.
The reference voltage V_ref 1n the embodiment shown may
be any voltage referenced to the ground of the electrically
1solated circuit, including the ground of the electrically 1so-
lated circuat.

In another embodiment, the power converter activity detec-
tion circuit 20 may be applied (in substantially the same
configuration as that represented 1n FIG. 4) to detect power
converter activity by any converter with a high-side switch S1
such as for example a buck converter as shown 1n FIG. 5, or
any other converter where 1solation 1s necessary.

In various embodiments 1n accordance with the present
invention as described above, 1t may be understood that an
optional resistor may be placed in series with the first capaci-

tor C1 to limit the magnitude of the current during voltage
transitions.

Referring to FIG. 6, an example of an implementation of
the power converter activity detection circuit 20 of the present
invention may include coupling the output voltage Vca to a
power supply circuit whereby a power source DC may be
coupled to a load 30 including but not limited to the lighting
controller (e.g., LVLP control circuitry) for a lighting device
when the converter activity detection output voltage Vca
exceeds a threshold value for the power supply switch.

Retferring to FIG. 7, in another example of an implemen-
tation of the power converter activity detection circuit 20 of
the present invention, the output voltage Vca may be coupled
to a charge pump circuit to supply current I_vcce to auxiliary
loads 30 when the converter activity detection output voltage
Vca exceeds a threshold value for the charge pump switch.

The previous detailed description has been provided for the
purposes of illustration and description. Thus, although there
have been described particular embodiments of the present
invention of a new and usetul “Lighting Device with Circuit
and Method for Detecting Power Converter Activity,” 1t 1s not
intended that such references be construed as limitations
upon the scope of this invention except as set forth i the
tollowing claims.
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What 1s claimed 1s:
1. A lighting device comprising:
a power factor correction (PFC) circuit comprising an
inductor, a power converter switch, and a PFC controller
cifective to provide driving signals for causing the
power converter switch to turn on and off;
a power converter activity detection circuit comprising
a {irst capacitor coupled on a first end to a node between
the PFC controller and the power converter switch,

a diode having an anode coupled to ground and a cathode
coupled to a second end of the first capacitor, and

a second capacitor coupled on a first end to the second
end of the first capacitor and on a second end to
ground; and

wherein an output voltage for the power converter activity
detection circuit referenced from a node between the
first capacitor and the second capacitor 1s responsive to
activity by the power converter switch.

2. The lighting device of claim 1, further comprising:

a lighting device controller, a voltage source, and a switch-
ing element coupled between the voltage source and the
lighting device controller; and

the switching element 1s responsive to open and close 1n
accordance with a magnitude of the output voltage from
the power converter activity detection circuit and a pre-
determined threshold value.

3. The lighting device of claim 2, the lighting device con-
troller effective 1n response to the supplied voltage to main-
tain operation of the lighting device during a temporary inter-
ruption 1n mains nput power.

4. The lighting device of claim 1, the diode of the power
converter activity detection circuit further comprising a zener
diode effective to develop a predetermined voltage at the
reference node for the output voltage.

5. The lighting device of claim 4, the power converter
activity detection circuit further comprising a resistor
coupled 1n series with the first capacitor.

6. A lighting device comprising:

a power converter comprising first and second switches
coupled 1n a half bridge configuration between a positive
voltage rail and ground;

a lighting device controller effective to generate driver
signals to the first and second switches for causing the
switches to turn on and off;

a power converter activity detection circuit comprising
a {irst capacitor coupled on a first end to a node between

the first and second switches of the power converter,
a diode having an anode coupled to ground and a cathode
coupled to a second end of the first capacitor, and
a second capacitor coupled on a first end to the second
end of the first capacitor and on a second end to
ground;

wherein an output voltage for the power converter activity
detection circuit referenced from a node between the
first capacitor and the second capacitor 1s responsive to
activity by the power converter.

7. The lighting device of claim 6, further comprising:

a voltage source and a switching element coupled between
the voltage source and the lighting device controller; and

the switching element 1s responsive to open and close 1n
accordance with a magnitude of the output voltage from
the power converter activity detection circuit and a pre-
determined threshold value.

8. The lighting device of claim 7, the lighting device con-
troller effective 1n response to the supplied voltage to main-
tain operation of the lighting device during a temporary inter-
ruption 1n mains mput power.
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9. The lighting device of claim 6, the diode of the power
converter activity detection circuit further comprising a zener
diode effective to develop a predetermined voltage at the
reference node for the output voltage.

10. The lighting device of claim 9, the power converter
activity detection circuit further comprising a resistor
coupled 1n series with the first capacitor.

11. The lighting device of claim 6, the first and second
switches of the power converter defining a first switch parr,
the power converter further comprising third and fourth
switches coupled 1n series to define a second switch pair, the
first and second switch pairs coupled 1n parallel between the
bulk voltage rail and ground 1n a full bridge configuration.

12. The lighting device of claim 11, the first capacitor
coupled on 1ts first end to either or both of the node between
the first and second switches of the power converter and a
node between the third and fourth switches of the power
converter.

13. A lighting device comprising:

a power converter comprising

a first inductive winding,

a power converter switch, and

a controller effective to provide driving signals for caus-
ing the power converter switch to turn on and off;

a power converter activity detection circuit comprising

a second inductive winding magnetically coupled to the
first inductive winding, the second inductive winding
having first and second ends, the first end of the sec-
ond inductive winding coupled to a reference voltage
terminal,

a first capacitor coupled on a first end to a second end of
the second 1inductive winding,

a diode having an anode coupled to ground and a cathode
coupled to the second end of the first capacitor, and

a second capacitor coupled on a first end to the second
end of the first capacitor and on a second end to
ground;

wherein an output voltage for the power converter activity

detection circuit referenced from a node between the

first capacitor and the second capacitor 1s representative
of activity by the power converter; and

wherein the power converter and the power converter activ-

ity detection circuit are electrically 1solated via the first

and second inductive windings.

14. The lighting device of claim 13, the first inductive
winding and the power converter switch coupled in series
along a positive voltage rail to define a buck converter.

15. The lighting device of claim 13, the diode of the power
converter activity detection circuit further comprising a zener
diode effective to develop a predetermined voltage at the
reference node for the output voltage.

16. The lighting device of claim 15, the power converter
activity detection circuit further comprising a resistor
coupled 1n series with the first capacitor.

17. The lighting device of claim 13, further comprising;:

the first inductive winding having first and second ends

coupled along a positive voltage rail;

the power converter switch coupled between the second

end of the first inductive winding and a circuit ground

clectrically 1solated with respect to the circuit ground for

the power converter activity detection circuit; and
the first inductive winding and the power converter switch
defining a boost converter for a power factor correction

(PFC) circuat.
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18. The lighting device of claim 17, further comprising:

an auxiliary load, a current source, and a switching element
coupled between the current source and the auxiliary
load; and

the switching element 1s responsive to a magnitude of the
output voltage from the power converter activity detec-
tion circuit being greater than a threshold value to close
and thereby supply a current associated with the current
source to the auxiliary load.

19. The lighting device of claim 17, further comprising:

a lighting device controller, a voltage source, and a switch-
ing element coupled between the voltage source and the
lighting device controller; and

the switching element responsive to open and close 1n
accordance with a magnitude of the output voltage from
the power converter activity detection circuit and a pre-
determined threshold value.

20. The lighting device of claim 19, the lighting device

controller effective 1n response to the supplied voltage to
maintain operation of the lighting device during a temporary 20
interruption in mains mput power.

G x e Gx o

10

15

10



	Front Page
	Drawings
	Specification
	Claims

